In this study, twelve wild Iranian walnut (Juglans regia L.) populations were screened using ten simple sequence repeat (SSRs) markers. Based on our results, a high level of genetic diversity was observed among and within populations with the number of alleles per locus ranging from 6 to 11, with a total of 83 alleles and 8.3 alleles and 4.9 effective alleles on average per loci. In individual populations, the observed heterozygosities ranged from 0.525 to 0.713 with an average of 0.659. The average genetic distance among populations equaled 0.452, ranging from 0.094 to 0.73. Cluster analysis, done by UPGMA, grouped all populations into four main groups according to their genetic distances. These results provide evidence of the high potential of Persian walnut populations of Iran for breeding programs.
INTRODUCTION
Population genetics analyses can provide data on a variety of important evolutionary parameters, including standing levels of genetic variation, the partitioning of this variability within/between populations and the overall levels of inbreeding, selfing versus outcrossing rates (Sakai et al., 2001) . Simple sequence repeat (SSR) markers are ideal for studies in population and conservation genetics and analysis of variation between species and populations (Woeste et al., 2002; Karimi et al., 2010) .
Persian walnut, Juglans regia L., is the most economically important member of its genus. Since Iranian walnut populations have been poorly characterized for their diversity, in the present study, we investigated the level and distribution of genetic diversity among 12 populations of J. regia from the west and north of Iran using ten SSR primer pairs. The results will hopefully provide scientific guidance for the effective management, conservation and improvement of walnut resources.
MATERIALS AND METHODS
Samples from 12 populations of J. regia were collected from the north and west of Iran, to be included in the study: five from different parts of the northern province of Golestan including GK, AT, KL, KK and CJ; four from different parts of the western province of Hamedan including PZ, SM, TN, and GZ); and one from another western provinces of Lorestan (AG), Kermanshah (SH), and Kurdestan (KY). Leaves were sampled in early morning hours and stored at -80°C until their use.
Genomic DNA was extracted from leaves using large-scale CTAB based method of Doyle and Doyle (1987) . Ten primer pairs introduced by Woeste et al. (2002) were used to amplify genomic DNA. Primers were synthesized by MWG, Germany. The SSR reaction protocol and electrophoresis were based on the protocol of Dangle et al. (2005) . Allele sizing and scoring was done using a 100 bp DNA ladder (MBI-Fermentas, Vilnius, Lithuania) as the length reference. Molecular analysis were performed using POPGENE Version 1.32.
RESULTS AND DISCUSSION
Based on the SSR analyses, a total of 83 alleles were scored with the sizes ranging from 160 to 275 bp ( discriminating the variations within walnut populations (Wang et al., 2008; Karimi et al., 2010) . The number of alleles per locus varied from 6 to 11, with an average of 8.3 alleles per locus. Wang et al. (2008) applied some of these SSRs markers on different walnut populations in China and observed a total of 73 alleles with the sizes ranging from 153 to 306 bp. For all loci, the observed numbers of alleles were lower than that those reported in J. nigra population (Victory et al., 2006) , the species from which the markers were originally developed (Woeste et al., 2002) . This may be because of the large number of samples and populations analyzed in previous J. nigra studies, or because SSRs may have shown a decrease in allele number when applied in related species (Ana et al., 2000) . A summary of the loci and their genetic diversity parameters is presented in Table 1 .
Genetic diversity parameters within populations based on allelic frequencies are shown in Table 2 . In individual populations, the mean number of alleles per locus (A) varied from 3.60 to 5.40 with an average of 4.30, whereas the effective number of alleles per locus (Ae) varied from 2.53 to 3.66 with an average of 3.04. The observed heterozygosities (Ho) ranged from 0.525 to 0.713 with an average of 0.659. The average expected heterozygosity (He) was 0.657 and ranged from 0.593 to 0.725. The observed heterozygosity within populations (mean He=0.66) was higher than that detected in J. regia population based on SSR (mean He=0.63) (Wang et al., 2008) ; however, amounts lower than the heterozygosity of 0.80 were reported in wild populations of Juglans nigra (Victory et al., 2006) , a species that is also highly outcrossed. A comparison of the genetic diversity of J. regia was performed among the 12 populations. The highest levels of diversity existed in population KL (He=0.725), whereas the lowest values related to the population TN (He=0.593).
Genetic distances were calculated for each pair of populations to estimate the extent of their divergence (data not shown). The average genetic distance among populations equaled 0.452. The lowest genetic distance (0.094) was found between populations TN and GZ, and the greatest genetic distance (0.731) was found between populations KY and KK. The UPGMA cluster analyses based on Nei's unbiased genetic distances was performed to further show the genetic relationships among the populations (data not shown). The dendrogram separated the 12 populations into four main groups. The first group consisted of the populations PZ and KY. The second group consisted of the populations SM, TN, GZ, AG and SH. In this group, populations TN and GZ, also AG and SH clustered together while population SM differs considerably from the others. Within the third group, the population KK was distinct from the others (GK, CJ). The populations AT and KL were the most similar, and were clustered in the fourth group of the present study. Populations TN and GZ were closely located geographically in Hamedan province and were closely related (D=0.094).
In conclusion, a considerable genetic diversity was revealed within and among populations. The relatively high interpopulation differentiation of J. regia possibly resulting from factors such as restricted gene flow between populations and human disturbances. The capability of J. regia to maintain a noticeable intrapopulation differentiation, even in the presence of selection pressures, which might be attributable to its reproductive strategies based on outcrossing. Future and further research in J. regia can be based on more extensive sampling and more intensive sampling with microsatellite markers to help describe the population genetic structures of Persian walnut in Iran in greater detail. 
